Background
Acrolein (ACR) is a highly electrophilic alpha, beta-unsaturated aldehyde to which humans are exposed in many situations, such as alcoholic beverages, water and foods such as cheese, donuts and coffee, and is also formed during combustion of organic materials, including engine exhaust, wood, tobacco and over-heated cooking oils [1] . Notably, ACR is also produced endogenously by normal cellular metabolism. ACR can be formed in various tissues via lipid peroxidation (LPO), metabolism of α-hydroxyamino acids, polyamines oxidation and via metabolism of drugs, such as the anticancer drug cyclophosphamide [2, 3] .
ACR is a strong and highly reactive electrophile and remains active in the body for several days [4] . Also, ACR contributes directly to cellular oxidative stress [5] . Pentoxifylline (PTX), a methylxanthine derivative and nonspecific type 5 phosphodiesterase inhibitor, is a drug that widely used in the management of peripheral arterial disease and, in particular, for intermittent claudication [6] . The mechanism underlying its beneficial effects appears to be related to the improvement of cellular functions and modifications in the plasma that improve microcirculatory perfusion in both peripheral and cerebral vascular beds [7] .
In recent years, in vitro and in vivo experiments indicated an additional therapeutic potential for PTX as an antiinflammatory, immunomodulator agent and antioxidative properties [8, 9] . However, the antioxidative effects of PTX against ACR-induced oxidative damage as well as remain unknown.
Objectives
Here we investigated the effects and mechanisms of PTX on ACR-induced oxidative damage in blood in male rat.
Materials and Methods
In this experimental study, 30 adult male Wistar rats weighing 180 -250 g maintained on a 12 hour light/dark cycle with free access to tap water and standard laboratory chow were used. Animals were randomly divided into 6 groups and treated for 2 weeks i.p. The groups (5 rats each) were as follows: control group, ACR group, PTX group, PTX + ACR group, alpha-tocopherol acetate (AT) group, and ACR + AT group.
ACR was administered (2 mg/kg/day, i.p.) alone or in combination with PTX (50 mg/kg/day, i.p.), and AT as (15 mg/kg/day, s.c.). One group of animals received only nor-mal saline and was assigned as control. At the end of the treatment, 24 hours after last dose of treatment, animals were killed, and then blood samples were collected from heart in tubes and serum was isolated.
Malondialdehyde (MDA), 2-thiobarbituric acid (TBA), trichloroacetic acid (TCA), n-butanol, sucrose, ethylenediamine tetraacetic acid (EDTA), glutathione peroxidase (GPx) and superoxide dismutase (SOD) (Ransel kit, Randox Laboratories Ltd, Crumlin, UK), bioxytech GSH kit (Oxis Research, USA), were used in this study. All other chemicals were obtained from the Sigma Company.
The lipid peroxidation (LPO) product in tissues was determined by TBA reagent, expressed as the extent of malondialdehyde (MDA) productions during an acid heating reaction. Briefly, the samples were diluted by 1.5 mL TCA (20% w/v) was added to 250 μL of this samples and centrifuged in 3000 g for 10 minutes. Then, the precipitation was dissolved in sulfuric acid and 1.5 mL of the mixture was added to 1.5 mL of TBA (0.2% w/v). The mixture was then incubated for 1 h in a boiling water bath. Following incubation, 2 mL of n-butanol was added, the solution centrifuged, cooled and the absorption of the supernatant was recorded in 532 nm. The calibration curve of tetraethoxypropane standard solutions was used to determine the concentrations of TBA + MDA adducts in samples [10] .
Level of total glutathione (GSH) was measured using colorimetric assay kit. The kit uses 5, 50-dithiobis-2-nitrobenzoic acid (DTNB) and glutathione reductase. The procedure was followed according to manufacturer's instruction and the levels were quantitated as micromolar GSH based on standard supplied along with the kit.
The activity of Cu/Zn SOD was measured using a commercial kit (Ransod kit, Randox Laboratories Ltd, Crumlin, UK). Measurement of the enzyme was based on the generation of superoxide radicals produced by xanthine and xanthine oxidase and reacted with 2-(4-iodophenyl)-3-(4-nitrofenol) 5-phenyltetrazolium chloride (INT) to form a red formazan dye. The formazan was read at 505 nm. One unit of Cu/ Zn SOD was defined as the amount of enzyme necessary to produce 50% inhibition in the INT reduction rate.
The amount of GPx was determined using a commercially available kit (Ransel kit, Randox Laboratories Ltd, Crumlin, UK) by measuring the rate of oxidation of NADPH at 340 nm. A unit of enzyme was expressed as the amount of enzyme needed to oxidize 1 nM of NADPH oxidase/minute.
The protein content was quantified by the method of Bradford. Concentrated Coomassie blue (G250) was diluted in 250 μL distilled water, and then 750 μL of this diluted dye was added to 50 μL of sample. The mixture was incubated at room temperature for 10 minutes and an absorbance measurement was taken at 595 nm by a spectrophotometer. A standard curve was constructed by using bovine serum albumin ranging between 0.25 and 1 mg/mL [11] .
All data were analyzed with SPSS-18 employing oneway ANOVA followed by Tukey post hoc test. Data are expressed as Mean ± SEM. P value < 0.05 was taken as statistically significant.
Results
In blood: ACR caused a significant increase in LPO when compared to control (P = 0.02). PTX caused a significant decrease in LPO when compared to ACR group (P = 0.03). Coadministration of PTX with ACR significantly reduced ACR induced LPO (P = 0.05). AT reduced LPO when compared to ACR (P = 0.01). Coadministration of AT with ACR significantly reduced ACR induced LPO (P = 0.02, Figure 1) .
In blood: ACR caused a significant decrease in SOD activity when compared to control (P = 0.04). PTX caused a significant increase in SOD activity when compared to ACR group. AT induced SOD activity when compared to ACR (P = 0.03, Figure 2 ).
In blood: ACR caused a significant decrease in GPx activity when compared to control (P = 0.02). AT induced GPx activity when compared to ACR (P = 0.01, Figure 3 ).
In plasma: Administration of ACR decreased GSH in comparison to controls (P = 0.04). Treatment with PTX increased GSH as compared to ACR group (P = 0.01). AT significantly increased GSH level as compared to ACR group (P = 0.04, Figure 4 ). aa: Significantly different from control group at P < 0.05. bb: Significantly different from ACR group at P < 0.05. ACR, acrolein; PTX, Pentoxifylline; AT, (alpha-tocopherol; vitamin E).
Discussion
Treatment of rats with PTX on ACR-induction oxidative stress attenuated subsequent oxidative damage. In the present study, our intention was to address a novel link between the protective roles of PTX towards oxidative stress caused by ACR in blood. The adverse effects of ACR on human health are relevant since ACR is a ubiquitous pollutant present in the environmental, food and water, and human exposures are common. Being an endogenous toxin, ACR is especially insidious [12] . Previously, other researchers had demonstrated that ACR-induced oxidative damage is associated with neurodegenerative diseases, especially with Alzheimer's disease (AD) in vitro system [13] . ACR is primarily metabolized via rapid reaction with sulfhydryl groups of glutathione forming mercapturic acid; this is ultimately eliminated in the urine [14] . Thus, ACR contributes directly to cellular oxidative stress via loss of glutathione [5] . Our results showed that ACR reduced GSH concentration in blood. But it was significantly improved with PTX in this sample. Moreover, ACR can easily move across cell membranes and tissues due to its solubility in water and alcohol, and hence, high concentrations of ACR produced by LPO to damage cells. Notably, in vivo, LPO also results in the formation of aldehydes by-products, including ACR, malondialdehyde (MDA), and 4-hydroxynonenal (4-HNE). Among them, ACR is the most reactive and the formation of ACR is earlier than 4-HNE [15, 16] . In the present study, ACR treatment caused significant increase in LPO in blood and liver mitochondrial cell.
Also, previous studies have shown that both GPx and SOD abrogated reactive oxygen species (ROS) generation [9, 17, 18] . In addition, this result was indicated reporting decreased activities of SOD and GPx in ACR group compared with control. PTX is a cAMP phosphodiesterase inhibitor [19] . Administration of PTX leads to increased intracellular cAMP accumulation in several cell types, including mononuclear phagocytes, microglia, neutrophils, vascular smooth muscle, and endothelium [20] . Increased intracellular cAMP affects gene transcription through several transcription factors, such as cAMP response element-binding protein. Multiple complementary anti-inflammatory effects of PTX could be responsible for its neuroprotective efficacy, including inhibition of neutrophil or monocyte/ microglial activation, attenuation of inflammatory mediator production (e.g. platelet-activating factor or TNF-a, and prevention of endothelial-leukocyte adhesion [19] [20] [21] [22] . Other effects of PTX, independent of its antioxidative actions, could also contribute to its. Thus PTX might be suitable for clinical trial as a human oxidative induced by ACR.
Therefore, AT mainly acts as a chain-breaking antioxidant and radical scavenger, protecting cell membrane against oxidative damage [23] . In addition, AT also regulates production of ROS and maintains oxidative phosphorylation in the mitochondria and accelerates compensation of high-energy metabolites [24, 25] . The present results showed AT ameliorated oxidative induced ACR damages in blood. Taken together, to the best of our knowledge, we have provided evidence for PTX can prevent ACR induced oxidative injury and also restore that same AT.
